Figure 1: Snapshots of the proton (top) and electron (bottom) expansion for 3 di erent time steps: 1.5, 4.5 and 10.5 ns. The color scales for the particle energy (between 1.25 MeV and 29.5 MeV) were adjusted separately for a better illustration. The capture of laser-accelerated proton beams accompanied by co-moving electrons via a solenoid field has been studied with PIC simulations to compare with experimental results of a PHELIX campaign at GSI [1, 2] .
The capture of laser-accelerated proton beams accompanied by co-moving electrons via a solenoid field has been studied with PIC simulations to compare with experimental results of a PHELIX campaign at GSI [1, 2] .
The main advantages of the Warp simulation suite [3] that was used, relative to envelope or tracking codes, are the possibility of including all source parameters energy resolved, adding electrons as second species and considering the non-negligible space-charge forces and electrostatic self-fields.
Energy resolved proton beam parameters measured at the PHELIX experiment and calculated with RIS (Radiochromic Film Imaging Spectroscopy [4] ) are included in the simulation as source. 10 6 simulation particles (8.2×10
12 real particles) for both species, protons and comoving electrons, are injected and expand in a 8.6 T solenoid field.
It was observed that the influence of the electrons is of vital importance. The magnetic e ect on the electrons outbalances the space-charge force. Hence, the electrons are forced onto the beam axis and attract protons ( fig. 1 ). This proton density increase can be observed for a wide range of energies. When the beam leaves the solenoid and the field attenuates (0.3 T 5 cm behind the solenoid), the electrons start to expand and follow the protons. Additionally, a proton beam waist and an over-focusing can be seen.
Besides the energy dependent proton density increase on axis, the change in the particle spectrum ( fig. 2) is also important for future applications. Protons are accelerated/decelerated slightly, electrons highly. 2/3 of all electrons get lost directly at the source, because the electron density increase on axis due to the magnetic field focussing is so high, that electrons get accelerated backwards and leave the simulation box. Because of the large beam divergence up to 50° 27% of all protons hit the inner wall of the solenoid. Future studies will be optimizing the capture device and including a debunching unit. Finally, a test stand for laseraccelerated proton beams as a new particle source will be built up at GSI.
